Rats, mice, and other small rodents under natural conditions are refractory to disease of Shigella etiology. A previous publication in this series has described the symptoms and pathology which occurred in normal laboratory albino mice experimentally infected with Shigellaflexneri 3 (1).
droppings. In a few instances weaker animals were killed by their cage mates, or died before the completion of the fasting period. Mice were not used ff any deaths occurred among cage mates during the prefasting period. Fasted and non-fasted mice were used in parallel experiments to determine the LDso of S. flexnezi 3.
The results presented in Table I indicate that the intraperitoneal and rectal LDs0 of Shigetla decreased as the length of fasting time increased. However, the oral LDs0 for fasted animals was larger than for normal animals. This is * The opinions or assertions contained herein are the private ones of the writers and are not to be construed as ofllcial or reflecting the views of the Navy Department or the naval service at large. ~/Present address: Department of Public Health, 430 State Office Building, Denver. 277
explained by the results presented in Table II , which show the effect of fasting on the stomach passage of Shigella. One observes that Shigella could be isolated from the jejunum of 50 per cent of the non-fasted animals for 24 hours after oral challenge. The isolation of Shigella from either 24 or 48 hour fasted animals could be made for only 2 hours after challenge. After 72 hours of fasting Shigdla could be recovered from the jejunum for 5 hours or more after challenge. Hence, the bactericidal action due to the gastric passage is more pronounced in fasted than in non-fasted animals. Whether or not the in- One group of animals was fasted for 24 hours, challenged orally with $ X 10. S. flvx~ri 3 contained in 0.5 ml. of saline, and placed on a normal diet 8 hours after chal]enge. A second group was challenged with the same number of Shigdla and then fasted for 24 hours. A third group was similarly challenged and fasted for 48 hours. Feces were collected from each animal daily for 7 days and cultured for the presence of S. flexneri 3. The data in Table III show the results of this experiment.
It may be seen that both prechallenge fasting and postchallenge fasting caused an increase in the number of animals from which Shigella could be isolated from the feces on any given day. Despite the increase in gastric bactericidal action which occurred in fasted mice the animals' resistance to infection was sufficiently decreased by fasting that the intestinal infection with Shigell~ persisted 2 to 3 days longer in fasted than in non-fasted mice. And once the host resistance was decreased by fasting, the infection, as evidenced by the incidence of Skigella-positive fecal cultures, was not influenced by feeding.
The host response to oral Shigella challenge was also estimated on the basis of the incidence of the Shigella bacteriemia which occurred in normal and in fasted animals. The data presented in Table IV show the per cent of fasted and non-fasted animals from which Shigella could be cultured from the blood at intervals after oral challenge with 5 X 10 s S. flexneri 3. This experiment proved that fasting also reduced the host resistance to the blood phase of shigellosis. Seventy-two hours of fasting resulted in a 75 per cent incidence of Shigella bacteriemia, 24 hours after challenge, whereas only 10 per cent of non-fasted ~nlmals showed a blood infection at the 24 hour culture period. Both 24 and 48 hours of fasting caused mice to have incidences of blood stream infection larger than non-fasted mice, but with a less pronounced effect than that caused by 72 hours of fast. Mice were fatigued by means of continuous SW~mmlng to exhaustion in a 25°C. water bath. It was observed that mice will swim vigorously for approximately40 minutes. If left in thewater for a longer period they will float perpendicularly, with just sufficient motion to maintain position. If the water is agitated so that floating motionless is impossible, the animal will give up and drown in approximately 45 minutes. The animals were removed from the water bath, dried, and rested at room temperature for 1 hour. Alternate swimming and resting was continued until they would not swim longer than 2 to 3 minutes when returned to the bath. This degree of exhaustion was usually obtained after three or four exercise periods.
Persistence of Shigdla flexneri 3 in Intestines of Mice Stressod by Exercise to Exhauaion
Oral or rectal challenge with one-tenth of an LD~0 was done prior to fatigue. It was determined that the time of challenge relative to the exercise period (before, during, or after) did not influence the results. Blood and feces were collected for culture at intervals shown in the data, and the animals were observed for diarrhea or other symptoms of shigellosls.
Rectal challenge of fatigued animals produced a bacteriemia which persisted for 24 hours. More than 80 per cent of the rectally challenged, fatigued animals died within 48 hours after challenge. Of the surviving animals, all fecal cultures were positive for Skigella for periods of 7 days or more. Rectal challenge, however, is an experimental artifact, and cannot be considered pertinent to normal alimentary Skigella infection.
Oral challenge of fatigued animals with one-tenth an LDs0 of S. flexneri 3
did not result in the death of any mice. The results of the blood culture study are shown in Table V . One observes that fatigue has less effect on host resistance than does fasting, as indicated by the per cent of animals in which a
Skigella bacteriemia was demonstrated. Similarly, the effect of fatigue on the persistence of intestinal Skigella infections, as shown in Table VI , is less pronounced than the effect of fasting. However, a fatigued animal is more susceptible to Skigella infections than a normal, non-manipulated mouse.
DISCUSSION
Both fasting and fatigue are means of applying physical stress to the experimental animal. While the stress so applied is relatively non-specific, the physiological effect of either manipulation resulted in decreased host resistance, or increased susceptibility to Shigella infection.
Schaedler and Dubos (2) have described the effect of nutritional disturbances on the mortality to infections caused by staphylococci, Friedltnder's bacillus, and the tubercle bacillus. They found that the increased susceptibility of fasted mice to these infections was reversible if normal feeding was resumed.
In the experiments described with ShigeUa infections no reversible effect was observed when a normal diet was resumed.
The reason decreased resistance occurs as a result of fasting has not been elucidated. However, one may surmise that the fasted animal undergoes metabolic changes similar to those described by Berry and Mitchell (3, 4) in their work with tricarboxylic acid cycle inhibitors and Salmonella typkimcriura infections.
In the case of fatigue, one looks for other explanations than alteration of the metabolism. The shock to the mouse of swimming to exhaustion undoubtedly results in hyperactivity of the adrenal gland, with stimulation of adrenalin production. Evans et al. (5) have shown that the administration of 2 t~g. of adrenalin to guinea pigs enhanced bacterial infections. Such an enhancement could also occur under circumstances of natural adrenalin level increases, thereby explaining in part the increased susceptibility to infection resulting from fatigue.
SUMMARY
Host resistance to Skigella infections can be decreased by non-specific physical stress. Fasting lowers the number of Skigella required for a parenteral LD60 dose. While the LD60 by the oral route is larger in fasted than in nonfasted animals, the fasted host's susceptibility to oral infection is increased as evidenced by the increased fecal Shigella carrier state, duration of intestinal infection, and increased incidence of Shigella bacteriemia.
Fatigue also increases the animal's susceptibility to shigellosis, but to a lesser extent than does fasting.
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